Purpose: Physical attachment of connective tissue fibers to a laser-microtextured (8-and 12-μm grooves) surface on the collar of an implant has been demonstrated using human histology. Related clinical research has suggested that this microtextured surface may help to decrease initial bone loss after implant placement. The aim of this retrospective study was to compare crestal bone heights and clinical parameters between implants with laser-microtextured and machined collars placed and loaded with different protocols. Materials and Methods: This study evaluated 300 single implants in 300 patients (155 men, 145 women; mean age: 49.3 years; range: 45 to 75 years). One hundred sixty implants with laser-microtextured collars (L) and 140 with machined collars (M) were used. Implants were grouped into the treatment categories of immediate placement, delayed placement, immediate nonocclusal loading, and delayed loading. For all groups, crestal bone level, attachment level (CAL), Plaque Index, and bleeding on probing were recorded at baseline and 6, 12, and 24 months after loading with the definitive restoration. Results: Nine implants were lost (four L and five M). The type of implant and timing of placement and loading showed no significant influence on survival rates. A mean CAL loss of 1.12 mm was observed during the first 2 years in the M group, while the mean CAL loss observed in the L group was 0.55 mm. Radiographically, L group implants showed a mean crestal bone loss of 0.58 mm, compared to 1.09 mm for the M group. Conclusion: A laser-microtextured surface on the implant collar may mitigate the negative sequelae associated with peri-implant bone loss, regardless of the placement and loading protocols used. Int J Oral MaxIllOfac IMplants 2014;29:xxx-xxx.
T he use of osseointegrated implants to support prosthetic reconstructions has become a common treatment modality for partially and completely edentulous patients. The original Brånemark protocol, which recommended complete healing of the alveolar bone before placing an implant, along with a healing period of 3 to 6 months before loading the implant, has been greatly modified in the last two decades, and shorter treatment periods to allow for immediate or early loading of implants, as well as immediate implant placement, have been advocated. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Immediate placement is defined as the placement of an implant into a fresh extraction socket. 11 The successful implementation of this protocol has been demonstrated for some cases, with predictable treatment outcomes. [12] [13] [14] [15] [16] [17] [18] Modifications of this approach, such as placement after a short healing period of several days to several weeks, have been associated with variable survival rates. 13, 19, 20 The existing literature provides definitions of immediate loading, early loading, and immediate nonocclusal loading (INOL) that sometimes differ. Immediate loading usually refers to the placement of a restoration in functional contact at the time of implant placement. 21 Early loading is usually defined as the placement of a restoration after a healing period shorter than that of the original Brånemark protocol. 22 INOL refers to the placement of a restoration that is not in functional contact at the time of implant placement. 21 These approaches have shown predictable results when patients are selected appropriately. 23 In addition to changes in placement protocols and advancements in techniques for site preparation, new implant designs [24] [25] [26] and several modifications of surface characteristics [27] [28] [29] [30] [31] [32] [33] have been investigated in an effort to improve marginal soft and hard tissue integration and to decrease the amount of initial peri-implant bone loss. Regarding implant surfaces, recent tissue culture studies have demonstrated cellular attachment by osteoblasts and fibroblasts to laser-microtextured surfaces with 8-and 12-µm grooves. 34, 35 These data have been confirmed histologically in animal models 36 and in humans, 37 in which a physical connective tissue attachment to laser-produced microgrooves on implant and abutment surfaces was documented. This kind of attachment differs significantly from that traditionally associated with implants. 38, 39 The most important aspects of this physical connective tissue attachment are the fact that its position is determined by the layout of the laser microgrooves 36 and that the connective tissue fibers are perpendicularly oriented to the implant surface and act as a seal to prevent apical migration of gingival epithelial cells and fibroblasts. Thus, it has been hypothesized that an implant with a microtextured collar surface with 8-and 12-µm grooves might provide opportunities for more stable coronal fibrocollagenous physical attachment and might potentially mitigate or eliminate the negative sequelae associated with the crestal bone loss that is commonly observed and has been described in the literature. 29, [40] [41] [42] [43] [44] [45] The first clinical data presented 27, 46 seem to confirm this hypothesis: implants with a laser-microtextured collar showed reduced crestal bone loss and probing depths in comparison to machined-collar implants. However, at this time insufficient data are available to compare treatment outcomes of this kind of implant using different protocols. In the present study, therefore, the 2-year success rates of two different kinds of implants (laser-microtextured collar [L] versus a machined collar [M]) were investigated, with the aim to determine whether the laser-microtextured collar influenced clinical outcomes when different protocols were used: immediate placement, delayed placement, INOL, and delayed loading (DL).
MaterialS and MethodS
This study was not randomized and was based in a private practice. All patients considered for inclusion in the study were examined and treated between January 2008 and December 2011 in private dental clinics located in Italy; all of the treating dentists had extensive experience in clinical implant dentistry. No ethical or in-stitutional review board approval was sought; however, all patients signed an informed consent document. Patients were selected for this study according to the following criteria: (1) participants had no contraindications for treatment, such as systemic diseases (eg, diabetes), pregnancy, regular use of prescription medications, or consumption of recreational drugs; (2) the teeth adjacent to the implant area (mesially and distally) had to be present and free of overhanging or insufficient restoration margins and/or caries (restorations and caries lesions were repaired during the initial professional oral hygienic therapy); (3) patients who smoked more than 10 cigarettes a day were excluded; and (4) teeth with periapical active pathology (presence of pain, fistula, redness, and suppuration) were excluded from the study. Only one implant scheduled for restoration with a single crown per patient was selected. Subjects were categorized as smokers if they smoked 1 to 10 cigarettes per day (n = 138 of 291 subjects [47.4%] ). Teeth scheduled for extraction and immediate implant placement were supragingivally and subgingivally scaled, root planed, and extracted subsequently during implant surgery. Patients received detailed information on the two kind of implants used (described subsequently) and a full description of the surgical procedures and possible risks of immediate placement and/or immediate loading. All patients provided informed consent to participate in this study, and all treatment was performed in accordance with the Helsinki Declaration.
Two different implants (Tapered Internal TLX Laser-Lok and TRX, BioHorizons) were used. Both implants have the same design and the same surfaces (Resorbable Blast Texturing surface with roughness between 0.72 and 1.34 µm), with the exception that the Laser-Lok implant has a "dual bioaffinity" collar with an implant neck consisting of two types of microgrooves. The Laser-Lok implant neck comprises three sections: a 0.3-mm section of turned surface, a 0.7-mm section of 8-µm microgrooves with a 6-µm pitch, and a 0.8-mm section of 12 microgrooves with a 12-µm pitch (Fig 1) . The TRX implant neck comprises two sections: a 0.3mm section of turned surface and a 1.5-mm section of the Resorbable Blast Texturing surface (Fig 2) .
Diagnostic casts were made and mounted on a semiadjustable articulator using a facebow and a bite registration. Occlusal analysis was performed, diagnostic wax-ups were prepared on the articulated casts, and restorative treatment needs were determined. Demographic data, medical and dental health history, and smoking status were obtained by questionnaire. Periodontal status was determined by a comprehensive periodontal examination. All patients demonstrated good oral hygiene and compliance (mean probing depth: 2.2 ± 0.7 mm; bleeding on probing [BOP]: 6%; Plaque Index [PI]: 8%).
Surgery
Following elevation of a full-thickness flap, site preparation was performed, and implant positioning was performed with a torque driver (Precise Adjustable Torque Wrench, BioHorizons). The inclusion criterion was a final torque of at least 35 Ncm. After extraction and immediate implant placement, any fenestrations of the buccal and/or lingual plate and any gap between the implant shoulder and the socket wall were augmented using mineralized allograft bone chips (MinerOss, BioHorizons) and covered with a bioabsorbable membrane (Mem-Lok, BioHorizons).
Delayed implant placement was performed in some patients 6 months after socket augmentation. The decision to delay implant placement was based on the following intraoperative findings: (1) the extraction site required extensive augmentation, and the implant was too narrow to properly fill it; (2) active periapical pathology was present; (3) implant positions were potentially unfavorable and difficult to restore; or (4) the implant showed no primary stability. In these cases, the extraction socket was cleaned, grafted with mineralized allograft bone chips (Miner-Oss, BioHorizons), and covered with a resorbable membrane (Mem-Lok, BioHorizons). The flap was repositioned and sutured in place with interrupted sutures.
implant loading
A provisional abutment was used for INOL. After closure of the surgical area with a mucoperiosteal flap, impressions were taken, and the jaw relationship was recorded. Provisional crowns were fabricated the same day and left out of functional occlusion. Both immedi-ate-and delayed-placement implants were ultimately restored with porcelain-fused-to-metal cemented single crowns, placed in centric occlusion, 4 months after implant placement.
Medication and Postoperative Care
Patients scheduled for surgery were prescribed an analgesic (ibuprofen, 600 mg immediately after the surgical intervention and after 4 hours), a systemic antibiotic (amoxicillin + clavulanic acid 1 g two times daily for 7 days), and chlorhexidine digluconate solution 0.1% rinse (twice daily until 1 week after membrane removal). Sutures were left in place for 1 week. During the healing period, patients received oral hygiene instructions and debridement, if necessary, at twice-monthly appointments with the dental hygienist. At the time of placement of the definitive crowns, patients were enrolled in a maintenance program consisting of semiannual follow-up appointments. At the follow-up visits, oral hygiene instructions were given, and debridement and polishing were performed. BOP, PI, and clinical attachment level (CAL) were recorded on four surfaces of each implant supporting the definitive crowns. CAL, defined as the distance in millimeters between the deepest point of the peri-implant pocket and the coronal margin of the implant, was estimated with a periodontal probe (PCP-UNC 15, Hu-Friedy). Measurements were recorded at the time of definitive crown placement (baseline) and at 6 (T1), 12 (T2), and 24 months (T3) after loading.
radiographic examination
A personalized radiographic stent was used for every patient for all radiographs (baseline and 6, 12, and 24 months). The radiographs were then digitized with a dedicated scanner (HP 3000) with a resolution of 2,048 × 3,072 lines. A software package (AutoCAD 2000) was used to measure crestal bone loss (CBL). The program calculated the lengths of the vertical lines, which represented CBL as the distance from the top of the implants to the crestal bone.
Success ratings
The following conditions were considered to indicate implant success: optimum health conditions; absence of implant mobility in any direction; absence of peri-implant radiopacity/radiolucency at radiographic assessment; bone loss of less than 1.5 mm at 24 months; absence of suppuration, infection, and paresthesia; and absence of pain with palpation, percussion, or function. Failure was defined as the removal of an implant for any reason.
data analysis
The Kolmogorov-Smirnov test was used to detect significant deviations in outcomes from a normal distribution. Nonparametric methods were used to determine to what degree age, gender, smoking, jaw, region, implant type, and time of placement and loading influenced CAL and CBL measurements from baseline to T3. Changes in CAL and in CBL were evaluated similarly. The Spearman rank correlation or Mann-Whitney U test was used. Repeated-measures analysis of variance (ANOVA) was used to determine variations in CAL and CBL over time. The %BOP and %PI, as well as changes within each of these variables, were statistically evaluated in the same way as the CAL and the CBL measurements. Univariate analysis was first performed using the nonparametric Spearman rank correlation or Mann-Whitney U test. This was followed by repeatedmeasures ANOVA to investigate changes over time. All statistical tests were two-sided, and the level of significance was set at 1%. Because of the multiple testing, an α adjustment according to Bonferroni was applied. The statistical analyses were performed using statistical software (SPSS for Windows).
Calibration of examiners
The examiners were calibrated by measuring the same 40 implants (20 L and 20 M) 1 week apart, and an intraexaminer reliability of 90% was achieved (data not shown). The examiners were recalibrated once a year by measuring 20 implants (10 L and 10 M) following the initial protocol.
reSultS
The study group included 300 implants that were placed in 300 patients (160 men and 140 women; mean age 49.3 years; range, 43 to 75 years). Nine implants were lost during the study period; thus, the final study group included 291 implants in 291 patients (157 men and 134 women; mean age: 49.3 years; range: 45 to 75 years). One hundred thirty-eight of the 291 subjects (47.4%) were smokers. Implants were grouped according to time of placement into immediate placement (IP; total 166 implants; 86 L and 80 M) and delayed placement (DP; total 134 implants; 72 L and 62 M). The time of loading was also used to group the implants into INOL (total: 173 implants; 102 L and 71 M) and DL (total: 127 implants; 67 L and 60 M) groups. Among the implants placed in this study, 138 were placed in the maxilla (82 L and 56 M) and 162 were placed in the mandible (91 L and 71 M).
The distribution of treatments among the study groups and implant success and failure rates are summarized in Tables 1 and 2. The two implant groups showed no significant difference in implant failure rates (L 2.5%, M 3.8%; χ 2 test: P > .05). The mean time in situ of failed implants was 81.6 days, with a standard deviation of 54.3 days and a relatively high variance (range: 5 to 224 days). The variables of gender, smoking, jaw, and time of placement and loading showed no significant influence on implant removal (χ 2 test: P > .05).
Univariate statistical analysis showed no significant effects of age (Spearman correlation: R < 0.2, P > .05), gender, position, or time of placement and/or loading (U test; P > .05) on general CAL outcomes or CAL change between the different time examinations. Instead, a general comparison of CAL outcomes for baseline to T3 showed a significant change (repeatedmeasures ANOVA; P < .001), with CAL in the L group significantly higher than in the M group over the entire observation period (Table 3 ). Compared to baseline, at T1, a CAL loss of 0.43 mm was observed for L and CAL loss of 0.85 mm was seen for M; at T2 and T3, further CAL losses of 0.09 mm and 0.07 mm, respectively, were observed for L, compared to 0.53 mm and 0.09 mm, respectively, in the M group (Fig 3) . The CAL changes were not associated with the timing of implant placement or loading. Univariate analysis of %BOP and %PI at each examination, as well as changes between examinations, demonstrated no significant influence of age, gender, implant type, jaw, region, and time of placement or loading (U test; P > .05). Furthermore, a comparison of %BOP and %PI showed no change between baseline and T3 (repeated-measures ANOVA, linear contrasts; P > .05).
Radiographic results of CBL are summarized in Table  4 . At T1, T2, and T3, the L group had mean CBL values of 0.34 mm, 0.53 mm, and 0.58 mm, respectively, compared to 0.74 mm, 0.97 mm, and 1.09 mm, respectively, for the M group. Results showed a statistically significant correlation between the two groups (Fig 4) , but the CAL and CBL changes were not associated with the timing of implant placement or loading.
diSCuSSion
This study demonstrated no significant differences in the 2-year success rates of two kinds of implants with different collar surfaces, regardless of the timing of placement and the loading protocol. Similar success rates were seen for both groups (L 97.5%; M 96.5%) and were not influenced by region, time of placement and/or loading, or age. No significant differences were found between female and male patients, nonsmokers and smokers, and DP and IP. These data are in agreement with previous studies 47-50 that demonstrated similar survival rates for implants irrespective of the implant design. Furthermore, within the two different implant types (L and M), age, gender, position, and time of placement and/or loading did not affect CAL and CBL values in this study. Instead, a difference in the pattern of CAL and of CBL changes was found when comparing the L and M groups over the entire observation period. A better CAL value and less CBL were found in the present study in the L group.
The literature has a limited number of publications regarding long-term outcome data of immediate implants replacing single missing teeth with immediate loading. 5, [51] [52] [53] [54] [55] [56] [57] In general, studies indicate that, once IL implants integrate, they appear to have success rates, bone loss, and soft tissue stability comparable to those of conventionally loaded implants. Success rate outcomes in the INOL group of the present study are similar to those reported in the literature, and these results seem to confirm that the slight forces exerted on implants with restorations left out of occlusion did not have a negative influence on bone formation; however, in patients treated with the INOL protocol, there was a statistically significant difference in CBL and CAL between the L group and the M group. A recent review of the literature 58 indicated, for immediately placed implants, success rates comparable to those of delayed implants, but no study reported a frequency distribution on ranges of marginal bone loss for immediately placed implants. In the present study, CAL and CBL changes were not associated with the timing of implant placement or loading; however, the results showed a statistically significant correlation of CAL and CBL between the two groups (L and M).
The results of this study are in agreement with the initial clinical evaluations of implants with a laser-microtextured collar 27, 28, 46 but support the hypothesis that this kind of collar, compared to a machined collar and using different protocols, may provide more favorable conditions for the attachment of hard and soft tissues and may reduce the amount of marginal bone resorption. The precise mechanisms of bone resorption around dental implants are not yet completely known, but perioprosthetic aspects have been investigated with regard to soft tissue and bone remodeling. Bone loss may result from implant design, density of bone, surgical trauma at implant insertion or at second-stage surgery, occlusal overloading, apical migration of crevicular epithelium in the tissue's attempt to isolate bacterial-induced infection or to establish a biologic width, blood supply interruption, or development of a pathogenic bacterial biofilm. [40] [41] [42] [43] [44] As is the case with teeth, epithelium seems to play an important role in implant function by sealing dental implants from contaminants in the external environment. Around implants, epithelial downgrowth could be impeded by a firm attachment between the soft connective tissue and the implant, with cells and fibers attached to the implant surface, as is the case with Sharpey's fibers around natural teeth. In healthy tissue, collagen bundles insert into the root cementum, and this connection prevents downgrowth of the overlying epithelium. Connective tissue does not usually attach to the titanium substrate in this manner. In the case of a smooth implant surface, the attachment and spreading of fibroblasts can result in the establishment of a fibrous capsule with collagen fibers oriented parallel to the implant surface. 29 The clinical value of a microtextured implant collar on soft and hard peri-implant tissue response is currently unclear. However, the effect of a microgrooved surface with features in the range of 2 to 12 µm with respect to attachment, spreading, orientation, and growth of fibroblast and osteoblast precursors has been examined in several in vitro studies. 59, 60 Surfaces with 12-µm grooves showed the best potential for inhibition of fibroblast cell-type growth relative to osteoblast cell-type growth, while surfaces with 8-µm grooves showed the most effective inhibition of cell migration across the grooves. These in vitro studies seem to provide evidence that microtextured surfaces can be used to control bone and soft tissue responses to implant surfaces, and their clinical implications may be important. In fact, it has been suggested that on dental implants, the microgrooved surfaces might act to establish a predetermined site to attract a physical connective tissue attachment, to restrict apical migration of gingival epithelium, and thus to preserve the coronal level of bone. 37 Today there is histologic evidence of a mechanical attachment of connective tissue fibers to laser-micro-textured implant surfaces, both in native bone 36, 37 and in fresh extraction sites, 61 but histologic data relating to the relationship between soft and hard tissue and implants with a laser-microtextured surface, placed using different loading protocols, are still not widely available. While the present study did not demonstrate histologic evidence of a physical connective tissue attachment to the implant collar, there was, however, statistically significantly less CBL and greater CAL associated with the laser-microtextured implant collar in all the treatment categories. Therefore, these findings support the hypothesis that the laser-microtextured collar provides enhanced support to adjacent bone and connective tissue, regardless of the implant placement/loading protocol used. However, more longterm prospective and controlled clinical studies are needed to confirm the hypothesis of reduced marginal bone loss when implants with a laser-microtextured collar are used in immediate placement and/or immediate loading strategies.
In the present study, all patients underwent consistent professional periodontal maintenance during the entire observation period, and no signs of inflammation had been observed before patients with implant problems visited the office. The lack of a statistically significant difference between the failure rates of L and M implants could have been a result of the comparatively low overall failure rate, which may have prevented the detection of any statistically significant differences. Because of the considerably varied timing of failures (5 to 224 days), the limited number of failures, and the fact that this study did not differentiate between failure types, conclusions cannot be drawn correlating implant failure to the protocol or implant type. A limitation of the present study may lie in the fact that the treatment for each patient was not randomized because of the retrospective study design. Furthermore, the selection of implant type was based on the choices of the patient and, where applicable, the referring dentist.
ConCluSion
Within the limits of this study, clinical and radiographic evaluation suggests that a laser-microtextured surface on the implant collar may mitigate or eliminate the negative sequelae associated with peri-implant bone loss, regardless of the timing of implant placement and loading used.
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